SUPPLEMENTARY MATERIAL
Review of prenatal maternal infection and schizophrenia
Table S1. Excluded studies

	No
	Study
	Reason for exclusion

	1
	Ragins et al. J Am Acad Child Psychiatry. 1975 Winter;14(1):150-77. 
	Full text article could not be retrieved.

	2
	Machón et al. Br J Psychiatry. 1987 Jul;151:122-4. 
	Genetic high risk design

	3
	Mednick et al. Arch Gen Psychiatry. 1988 Feb;45(2):189-92. 
	Exposure based on data from influenza epidemic

	4
	Kendell et al. Arch Gen Psychiatry. 1989 Oct;46(10):878-82. 
	Exposure based on data from the 1957 influenza epidemic

	5
	Barr et al. Arch Gen Psychiatry. 1990 Sep;47(9):869-74. 
	Exposure based on data from influenza epidemics

	6
	Done et al. BMJ. 1991 Jun 29;302(6792):1576-80. 
	Did not include data on prenatal infection

	7
	Crow et al. BMJ. 1992 Nov 21;305(6864):1256-9. 
	Data based on the 1957 influenza epidemic, exposure based on maternal self report

	8
	O'Callaghan et al. BMJ. 1992 Nov 21;305(6864):1256-9
	Study of obstetric complications, did not include data on prenatal infection

	9
	Mednick et al. Schizophr Bull. 1994;20(2):263-7. 


	Maternal influenza diagnosed from the notes, based on the comments of obstetric nurses regarding symptoms of the patient, no report of clinical examination to establish exposure

	10
	Smith et al. Schizophr Res. 1995 Jan;14(2):113-20. 
	Study of obstetric complications, did not include data on prenatal infection

	11
	Wright et al. Am J Psychiatry. 1995 Dec;152(12):1714-20. 
	Used maternal self report to determine exposure to influenza

	12
	Lane et al. AJNR Am J Neuroradiol. 1996 Jan;17(1):99-103. 
	Study participants were not drawn from a general population based data-set

	13
	Cannon M et al. Br J Psychiatry. 1996 Mar;168(3):368-71. 
	Exposure data based on maternal self-report only, no serology and therefore, misclassification of exposure likely. Substantial follow up loss, included only 40% of original cohort.

	14
	Rantakallio et al. Int J Epidemiol. 1997 Aug;26(4):837-43. 
	No data on infections in utero

	15
	Watson et al. Dev Psychopathol. 1999 Summer;11(3):457-66. 
	Review article

	16
	Cannon TD et al. Dev Psychopathol. 1999 Summer;11(3):467-85
	Mainly dealing with hypoxic obstetric complications. Not much data on infection and no detail on the way infection were determined.

	17
	Westergaard et al. Arch Gen Psychiatry. 1999 Nov;56(11):993-8. 
	Used incidence of influenza at the population-level as exposure

	18
	Brown et al. Am J Psychiatry. 2000 Mar;157(3):438-43. 


	Excluded due to methodological reasons. Several methodological issues identified: (i) case and controls come from different populations, (ii) outcome assessment not same across three cohorts, (iii) potential confounding by ethnicity and deafness, and (iv) substantial loss to follow up

	19
	Rosso et al. American Journal of Psychiatry, May 2000, vol./is. 157/5(801-807). 
	Focus on hypoxia at birth, little information on infection, lack of information on how exposure to infection was measured

	20
	Stober et al. Eur Arch Psychiatry Clin Neurosci. 2001;251 Suppl 1:I21-4. 
	Genetic high risk design

	21
	Stober et al. J Neural Transm. 2002 May;109(5-6):921-9. 
	Study participants were not drawn from a general population based data-set; Relies on retrospective recall for determining infection.

	22
	Limosin et al. Acta Psychiatr Scand. 2003 May;107(5):331-5. 
	Exposure to influenza based on epidemic data

	23
	Mortensen et al. Schizophr Bull. 2007 May;33(3):741-4. 
	Summary of two previous studies, no original data presented


Table S2. Population-based studies of prenatal infection and schizophrenia and other psychosis

	Study
	Setting, and design†
	Case/ control
	Case definition
	Exposure measurement
	Adjustment for confounding
	Main findings

	Serological studies of specific infection


	Buka et al 2001
	NCPP- Providence,

Nested case-control
	27/ 54
	Affective and non-affective psychosis by DSM-IV
	Antibodies to cytomegalovirus, rubella, Toxoplasma gondii, human parvovirus B19, HSV-1, HSV-2 and Chlamydia trachomatis‡
	Matching on gender, ethnicity and age; adjusted for social class, maternal mental illness, weight gain and smoking in pregnancy
	Elevated IgG antibodies to HSV-2, elevated total IgG and IgM, elevated IgG: albumin and IgM: albumin ratio in case-mothers; no increased IgG to HSV-1, CMV, T. gondii or rubella

	Buka et al 2008
	NCPP- Boston, Providence, Philadelphia, 

Nested case-control
	200/ 544
	Affective and non-affective psychosis by DSM-IV
	IgG antibodies to HSV-2, a case/ control ratio ≥1.1 considered seropositive
	Matching on city and season of birth, gender, ethnicity and parental history of treatment for mental illness; adjusted for maternal education and parental mental illness
	Adjusted Odds Ratio (95% CI) for maternal HSV-2 seropositivity and all psychosis 1.6 (1.1- 2.3), schizophrenic psychosis 1.8 (1.1- 3.0), affective psychosis 1.3 (0.7- 2.4); elevated risk in African-Americans (OR 1.6, 95% CI1.0- 2.4), in those with ‘no use of contraception’ prior to conception (OR 2.0, 95% CI 1.2- 3.2), and high sexual activity at enrolment (OR 2.6, 95% CI 1.4- 4.6)

	Xiao  et al 2009
	NCPP- Boston, Providence, Philadelphia, 

Nested case-control
	219/ 618
	Affective and non-affective psychosis by DSM-IV
	IgG antibodies to Toxoplasma gondii specific serotypes (type I, II and III), a case/ control ratio ≥1.1 considered seropositive
	Matching on city of birth, age, gender and ethnicity
	Infection with T. gondii type I associated with risk of all psychosis (adjusted OR 1.94, 95% CI 1.08- 3.46) and affective psychosis (adjusted OR 5.24, 95% CI 1.69- 16.49), but not non-affective psychosis.

	Ellman et al 2009
	NCPP- Philadelphia, Nested case- control
	96/ 274
	Affective and non-affective psychosis by DSM-IV
	Maternal influenza in samples collected at delivery, exposure =IgG antibody titre >75th percentile
	Maternal ethnicity, social class and offspring gender
	No significant association between fetal exposure to influenza A and adult schizophrenia; Influenza B exposure was associated with a 1.7 times increases in the odds of a schizophrenia diagnosis compared with control status, but this was not statistically significant

	Brown et al 2004a
	PDS,

Nested case- control
	64/ 125
	SSD by DSM-IV 
	Exposure defined as the first occurrence during pregnancy of an influenza antibody titre of ≥1:20
	Matching on maternal age and gender and gestational age of fetus
	Unadjusted Odds Ratio (95% CI) for SSD for influenza exposure in 1st trimester 7.0 (0.7- 75.3), and 1st half of pregnancy 3.0 (0.98- 10.1); population attributable risk for exposure in 1st trimester and 1st half of pregnancy 21% and 14%, respectively.

	Brown et al 2005
	PDS,

Nested case- control
	63/ 123


	SSD by DSM-IV
	IgM and IgG antibody for Toxoplasma gondii in maternal serum
	Matching  on date of birth, gender, and adjusted for maternal age
	Adjusted Odds Ratio 2.61 (95% CI 1.00- 6.82)for SSD for maternal ‘high’ antibody titre (≥1:128) to T. gondii compared to ‘low’ titre (<1:16)

	Brown et al 2006
	PDS, Nested case- control
	60/ 110
	SSD by DSM-IV
	HSV-1, HSV-2 and CMV sero-positivity and IgG concentration at 3rd trimester or perinatal period
	Matching on age and gender, adjusted for maternal ethnicity and education
	No association between SSD and HSV-1, HSV-2 or CMV (HSV-2 sero-positivity= IgG optical density >1.0)

	Mortensen et al 2007
	Danish national cohort, Nested case-control
	71/ 648
	Schizophrenia by ICD-10
	Antibodies to T. gondii, and HSV by immunoassay in filter paper blood spot collected from neonates 5- 7 days post-partum. Exposure= IgG level over 75th percentile of controls
	Year and place of birth, gender, history of mental illness in parents and siblings
	Adjusted Odds Ratio for schizophrenia 1.79 (95% CI 1.01- 3.15) for T. gondii seropositivity (IgG); HSV- 1 & 2: No association with schizophrenia or affective disorders

	Mortensen et al 2010
	Danish national cohort, Nested case-control
	602/ 602
	Schizophrenia by ICD-10
	IgG to HSV-2 in blood spot sample collected from neonates 5- 7 days post-partum
	Marching on and gender, adjusted for parental and sibling history of mental illness, urbanization at place of birth, immigrant status and parental age
	Incidence rate ratio for schizophrenia 1.51 (95% CI 1.08- 2.10), p= 0.02 using cut off value of  ≥ 0.2, and 1.56 (95% CI 1.17- 2.07), p= 0.002 using cut off value of > 0.101; trend for a greater risk in preterm births (analyses adjusted for age, sex and date of birth)

	Serological studies of inflammatory cytokines

	Buka et al 2001
	NCPP- Providence cohort,

Nested case-control
	27/ 54


	Affective and non-affective psychosis by DSM-IV
	IL-1β, IL-2, IL-4, IL-8, TNF-α level by immunoassay in maternal serum taken at the time of delivery.¶
	Matching on gender, ethnicity and age, adjusted for social class, maternal mental illness, weight gain and smoking in pregnancy
	Elevated IL-8 and TNF-α in mothers with reported infection in 3rd trimester; increased mean TNF- α level in case-mothers; higher risk in children born to women with reported 3rd trimester infection and with TNF- α levels exceeding 75th percentile of control sample (unadjusted odds ratio 8.5, p <0.03)

	Brown et al 2004b
	PDS cohort,

Nested case- control
	59/ 118


	SSD by DSM-IV
	IL-1β, IL-6, IL-8, and TNF-α level by immunoassay in maternal serum taken during 2nd/ 3rd trimester.
	Matching fetal age, gender, adjusted for maternal age, social class, ethnicity and 
	Nearly two-fold increase in mean and median values of IL-8 at 2nd/ 3rd trimester in case mothers

	Studies of clinically diagnosed infection

	Brown et al 2000
	PDS, Prospective cohort
	58/ 7,781
	SSD by DSM-IV
	Respiratory infection during pregnancy¥
	Adjusted for maternal ethnicity, education and smoking during pregnancy
	Adjusted Odds Ratio for 2nd trimester infection and SSD 2.13 (95% CI 1.05- 4.35), and schizophrenia 2.07 (95% CI 0.8- 5.36); no increase in risk for 1st or 3rd trimester infection; strongest association for upper respiratory infections

	Babulous et al 2006
	PDS, Prospective cohort
	71/ 7,723
	SSD by DSM-IV
	Genital/ reproductive infection during periconceptional period and pregnancy≠
	Maternal age, ethnicity, education and history of treatment for mental illness
	Adjusted Rate Ratio for SSD for maternal periconceptional infection 5.03 (2.00- 12.64), p= 0.001; no increase in risk for infection during pregnancy

	Clarke et al 2009
	Finnish retrospective national cohort
	9,596 exposed vs. 13,808 control

siblings
	Schizophrenia by ICD 8 to 10
	Hospital admission for pyelonephritis during pregnancy
	-
	Un-adjusted Odds Ratio for first trimester exposure 3.35 (95% CI 0.8- 14.0), p= 0.09; interaction between prenatal infection and family history of psychosis, risk difference 0.51% (0.06- 0.96) in those with a positive family history vs. 0.1% (-0.04- 0.2) in those without such history

	Sorensen et al 2009
	Copenhagen perinatal project,

Prospective cohort


	153/ 7,788
	Schizophrenia by ICD 8 and 10
	Maternal bacterial and viral infection during pregnancy§
	Social class and use of analgesics in pregnancy
	Bacterial infection in 1st trimester and risk of schizophrenia: by age 34 years, adjusted OR 2.53 (95% CI 1.07- 5.96), and by 47 years, adjusted OR 2.14 (95% CI 1.06- 4.31); upper respiratory infection and gonococcal infection associated with significant risk by age 47, odds ratio (95% CI) 3.29 (1.79- 6.05) and 3.41 (1.36- 8.57) respectively

	Nielsen et al 2011
	Danish register-based study, cohort design 
	3,722/ 1, 115, 752
	Schizophrenia by ICD 8 to 10
	Maternal and paternal hospital admission for infection#
	Parental history of schizophrenia, age and gender
	Maternal infection during pregnancy: associated with increased risk of schizophrenia in the offspring (adjusted Risk Ratio 1.39, 95% CI 1.18- 1.62), risk attenuates after further adjustment for family history of psychosis (Risk ratio 1.23, 95% CI 1.04- 1.44); only second trimester infection statistically significant (adjusted Risk Ratio 1.72, 95% CI 1.15- 2.46); maternal infection anytime in the past (before, during or after pregnancy) associated with increased risk of schizophrenia in the offspring (adjusted incidence rate ratio 1.24, 95% CI 1.16- 1.33); maternal hospital admission for infection during pregnancy not significantly different from that before or after pregnancy in terms of offspring’s risk of schizophrenia

Paternal history of infection: anytime in the past also associated with risk of schizophrenia in the offspring (adjusted incidence rate ratio 1.14, 95% CI 1.05- 1.23)


† National Collaborative Perinatal Project; PDS= Prenatal Determinants of Schizophrenia cohort, a subsample of the CHDS cohort (Child Health and Development Study)

‡ Ig= immunoglobulin, HSV-1= herpes simplex virus type 1, HSV-2= herpes simplex virus type 2, CMV= cytomegalovirus

¥ Maternal respiratory infections included tuberculosis, influenza, influenza with pneumonia, bronchopneumonia, atypical pneumonia, pleu​risy, emphysema /viral respiratory infections, acute bronchitis, and upper respiratory infections.
≠ Genital/reproductive infections included endometritis, cervicitis, pelvic inflammatory disease, vaginitis, syphilis, condylomata, “venereal disease,” and gonorrhoea. Periconceptional period= 30 days before and after last menstrual period

§Bacterial infections included sinusitis, tonsillitis, pneumonia, cystitis, pyelonephritis, bacterial venereal infection, and any other bacterial infection. A viral infection was judged to be present if (1) a medical diagnosis had been made (commonly by the general practitioner) or (2) if symptoms consistent with minor respiratory illnesses or influenza had been present and the mother had been confined to bed and had a rise in temperature to at least 38ºC.
¶ IL= Interleukin, TNF= Tumour necrosis factor

# Infections include general infections, skin infections, respiratory infections, infections related to puerperium (mothers), genital and other infections
1

